Abstract A 75-year-old man was diagnosed with pulmonary nontuberculous mycobacterial (NTM) infection in February 2005 and was treated with rifampicin, ethambutol, and clarithromycin. However, the infection was resistant to treatment, and his chest radiograph showed an abnormality that gradually seemed to aggravate. The patient's sputum was positive for Mycobacteria. Moreover, the patient had dyspnea and an underlying chronic inflammation in the lungs. He visited our hospital because of dyspnea and leg edema in June 2011. Laboratory evaluation on admission revealed proteinuria (6 g/day) and decreased serum total protein (5.8 g/dL) and albumin (1.6 g/dL) levels, indicating nephrotic syndrome.
Introduction
Patients with nontuberculous mycobacterial (NTM) infection usually have longer periods of clinical illness prior to diagnosis and respond less well to therapy than patients with infectious tuberculosis; this is because such patients need longer treatment courses and have lower success rates with treatment [1, 2] . The number of patients with NTM has been gradually increasing [3] .
Among elderly patients with nephrotic syndrome, 4.4 % have membranoproliferative glomerulonephritis (MPGN) [4] . MPGN is the result of an immune-complex-mediated infection or an autoimmune disease and is characterized by glomerulonephritis, with light microscopic findings showing thickening of the glomerular capillary wall and lesions with a lobular appearance [5, 6] . Furthermore, 7.6 % of elderly patients with nephrotic syndrome have concomitant renal amyloidosis [4] . AA amyloidosis is a complicated disease characterized by chronic systemic inflammation and infection, in which the deposition of amyloid protein causes various systemic organ failures; patients with this condition have poor prognosis. We report a rare case in which a patient had MPGN and AA amyloidosis, as well as NTM.
Case report
A 75-year-old man was diagnosed with NTM in February 2005, and since then, he had been treated with rifampicin 450 mg/day, ethambutol 750 mg/day, and clarithromycin 800 mg/day in Nagasaki, Japan. However, the infection was resistant to treatment, and the chest radiograph indicated an abnormality that gradually seemed to aggravate. The smear of the patient's sputum was positive for Mycobacteria. The patient had dyspnea and seemed to have an underlying chronic inflammation. He visited our hospital because of dyspnea and leg edema in June 2011. Laboratory evaluation revealed proteinuria (6 g/day) and decreased serum total protein (5.8 g/dL) and albumin (1.6 g/dL) levels. He was diagnosed to have nephrotic syndrome; in July 2011, he was admitted to our hospital owing to worsening edema.
The patient's height was 165.7 cm; weight, 47.6 kg; body temperature, 37.4°C; blood pressure, 113/77 mmHg; and pulse, 85 beats/min on admission. There was no evidence of anemia in the palpebral conjunctiva or of jaundice in the bulbar conjunctiva. There was no swelling of the lymph nodes of the neck. Respiratory sounds were diminished in the upper right lung field. A heart murmur was not noted. The abdomen was soft and flat without any tenderness. Edema was present in both legs. Blood and serum laboratory data are shown in Table 1 . He was diagnosed to have nephrotic syndrome. In addition, serum creatinine (Cr) level was elevated to 1.4 mg/dL and C-reactive protein level to 6.5 mg/dL. The sputum examination showed a positive smear, with a Gaffky score of 4, and the sputum was Mycobacterium intracellulare positive on polymerase chain reaction. A chest radiograph and a computed tomography scan showed infiltration into the lungs of both sides (Fig. 1 ). An abdominal computed tomography scan showed no kidney atrophy.
Renal biopsy was performed to determine the cause of nephrotic syndrome. The light microscopic section contained 20 glomeruli, and showed mesangial and endocapillary proliferation with occasional lobular structures. Three glomeruli had cellular crescents. The glomerular basement membrane was focally thickened, forming features of double contour. Immunofluorescence microscopy showed glomerular deposition of IgG, IgA, C3, and fibrinogen in the mesangium and partly in the capillary wall (Fig. 2) . Electron microscopy showed electron dense deposits in the subepithelial, subendothelial, and mesangial areas, associated with occasional mesangial interposition ( Fig. 3) . Reviewing all the findings of light and electron microscopy and immunofluorescence, the patient was diagnosed as MPGN. There was progression of renal dysfunction (Cr 2.2 mg/dL); therefore, he was treated with a corticosteroid (prednisolone 30 mg/day), in addition to NTM treatment. The Cr levels and proteinuria improved to 1.2 mg/dL and 2 g/day, respectively.
As fibrillar structures were also observed in a small area of a small blood vessel on electron microscopy, we suspected amyloidosis (Fig. 3) . Re-examination of the renal biopsy using Congo-red staining and direct fast scarlet staining (Fig. 4) was performed. Amyloid deposition was observed sporadically in some of the blood vessels and in the small segments of only four glomeruli among the 20 glomeruli observed. The amyloid deposits disappeared when the tissue was treated with potassium permanganate (Fig. 4) , indicating a diagnosis of secondary renal amyloidosis. The patient's serum amyloid A (SAA) level was elevated at 69.3 lg/mL.
The patient then presented loss of appetite and diarrhea; therefore, upper and lower intestinal endoscopy were performed, and frequent erosions were noted. A biopsy that was performed revealed amyloid A protein deposits in the stomach, duodenum, terminal ileum, and rectum. Echocardiography did not show any findings suggestive of cardiac amyloidosis. Thereafter, the patient's renal function decreased gradually, and he underwent hemodialysis in January 2012. Despite these, his gastrointestinal symptoms persisted, and his appetite diminished because of which he had become severely malnourished; he died 8 months later. The clinical course of the patient's condition is shown in Fig. 5 .
Discussion
Compared with M. tuberculosis, NTM is less virulent and is not transmitted by human-to-human contact. Among the various causative agents of NTMs, the Mycobacterium avium complex (MAC) is the most common cause of pulmonary disease worldwide. In Japan, the most common nontuberculous species causing human disease are the slowly growing MAC and M. kansasii species. MAC includes two species M. avium and M. intracellulare. These organisms are genetically similar and generally cannot be differentiated in a clinical microbiology laboratory. [3] . In most cases, treating patients with NTM is difficult, especially in cases of persistent and recurrent disease.
The Japan Renal Biopsy Registry, which was started in 2007, reported that, in Japan, a renal biopsy was performed in 36.3 % of the elderly population with nephrotic syndrome to investigate its cause. Particularly, 7.6 and 4.4 % of the elderly patients with nephrotic syndrome had renal amyloidosis and MPGN; the ratio is higher in the elderly than that in young people [4] . Therefore, it is necessary to consider the possibility of renal amyloidosis and MPGN in elderly patients with nephrotic syndrome, as reported in this case.
MPGN has traditionally been classified as MPGN types I, II, and III depending on the findings observed on electron microscopy. However, Sethi et al. [5, 6] characterized by the presence of immune complexes and complement components, while complement-mediated MPGN is characterized by the presence of complement components in the absence of immune complexes. Immune-complex-mediated MPGN occurs because of chronic antigenemia and/or circulating immune complexes and is observed in chronic infections, autoimmune diseases, and monoclonal gammopathies. An underlying cause can be found in most cases. In chronic infections, immunecomplex-mediated MPGN is most commonly secondary to hepatitis C virus (HCV) infections in Japan. HCV-induced MPGN is typically associated with mixed cryoglobulinemia. In addition to HCV, chronic bacterial (e.g., mycobacterium endocarditis, shunt nephritis, and abscesses) and fungal infections can cause MPGN. In idiopathic MPGN, a causal etiology cannot be found, whereas in secondary cases, the associated systemic disease or infection is known [5, 6] . Idiopathic MPGN is almost limited to young people between 8 and 30 years of age, and secondary MPGN is common in the elderly [7] [8] [9] [10] . In the present case, the onset was during old age; therefore, the possibility of secondary infection is high rather than that of idiopathic MPGN; further, there was an immune-complex-mediated MPGN as determined by the C3 and immunoglobulin deposits observed on immune-fluorescence microscopy. Although immune-complex-mediated MPGN associated with NTM is rare, in this case, the possibility of this association is high [11, 12] . Our patient received appropriate NTM treatment with rifampicin, ethambutol, and clarithromycin; however, due to the progression of renal dysfunction, corticosteroid Fig. 4 a, b , c Light microscopy showing the presence of amyloid deposits of glomeruli, gastric mucosa, and intestinal mucosa (congored staining, kidney 9200, intestinum 9100). d, e, f The presence of amyloid deposits disappear when treated with potassium permanganate (KMnO 4 ) was disclosed. g Direct fast scarlet staining, kidney, low-power image therapy with prednisolone 30 mg/day was started. The effectiveness of steroid treatment for MPGN should be carefully examined. According to the guidelines for the treatment of nephrotic syndrome in Japan, idiopathic MPGN should be treated with steroids, but secondary MPGN should be treatment for the primary disease [10] . Despite NTM treatment, our patient developed nephrotic syndrome, and the possibility of idiopathic MPGN cannot be excluded. Furthermore, drug interactions result from the ability of rifampicin to induce the cytochrome P450 isoenzyme 3A4, potentially decreasing the serum concentration of prednisolone. Our patient was carefully managed by administering the effect of prednisolone 20 mg/day. We frequently assessed the patient's general condition and chest radiographs. There was no progression of NTM as a side effect of corticosteroid therapy. AA amyloidosis involves the deposition of amyloid protein in tissues. The amyloid fibrils are derived from N-terminal cleavage fragments of the hepatic acute-phase reactant SAA protein. SAA is an apolipoprotein composed of high-density lipoprotein, which is synthesized by hepatocytes under the transcriptional regulation of the proinflammatory cytokines IL-6 and TNF-alpha. SAA is a highly dynamic acute-phase response protein. Sustained high circulating levels of SAA are a prerequisite for the development of AA amyloidosis. AA amyloidosis is a multisystem disease and amyloid deposits can be found in almost all sites on biopsy. Patients almost always present with proteinuric renal dysfunction. More extensive disease can produce hepatosplenomegaly and gut dysfunction, usually causing diarrhea and weight loss. Because the deposition of amyloid in the kidney was localized and very mild, amyloidosis was not thought to be the cause of nephrotic syndrome at the time of biopsy. Around 60 % of AA amyloidosis cases are caused by rheumatoid arthritis (RA) [13, 14] ; the other major conditions associated with AA amyloidosis are ankylosing spondylitis, psoriatic arthritis, chronic pyogenic infections (bronchiectasis, osteomyelitis, paraplegics, or tuberculosis), Crohn's disease, Castleman's disease, neoplasms (lymphoma, mesothelioma), and familial Mediterranean fever [15] . AA amyloidosis by NTM is very rare [16] [17] [18] . The time from the diagnosis of NTM to the diagnosis of AA amyloidosis is approximately 5-8 years in most cases. The time to death after being diagnosed with AA amyloidosis associated with NTM disease is 1 year or less. Decreased production of SAA was associated with stabilization or regression of amyloid deposits and prolonged survival [15] . However, patients with AA amyloidosis associated with refractory NTM, as in this case, are considered to have a poorer prognosis than those with AA amyloidosis associated with RA. In the acute stage of MPGN, mesangial and endocapillary proliferation with occasional lobular structures and cellular crescents are observed. The glomerular basement membrane was focally thickened, forming features of double contour. In early and mild lesions, amyloid is deposited sporadically in some of the blood vessels and in the small segments of only four glomeruli among 20 glomeruli. Therefore, in the present case, the onset was considered to occur relatively simultaneously, and the patient was suggested to have different renal lesions, MPGN and amyloidosis, as well as NTM.
Thus, this was a rare case of immune-complex-mediated MPGN and AA amyloidosis complicated with NTM. Our case suggests that MPGN and amyloidosis should be considered in elderly patients with nephrotic syndrome onset and chronic inflammation.
